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WKH KDUG DOOR\ FRDWLQJ RI YDOYH GLVF ZDV EURNHQ E\ FDYLWDWLRQ HURVLRQ 7KXV WKH QXPHULFDO LQYHVWLJDWLRQ RQ
FDYLWDWLRQIORZLQSUHVVXUHUHOLHIYDOYHIRUFRDOOLTXHIDFWLRQLVRIJUHDWVLJQLILFDQFH
&DYLWDWLRQSKHQRPHQRQ LV WKH UHVXOWRISUHVVXUH UHGXFWLRQ LQ WKH OLTXLGZKLFK LV FRQVLVWRI WKHZKROHSURFHVV
IURPWKHIRUPDWLRQWRWKHFROODSVHRIWKHEXEEOHV$QGWKHFDYLWDWLRQHURVLRQGDPDJHRIPDWHULDOVDOZD\VWDNHVSODFH
ZKHQWKHFDYLWDWLRQRFFXUUHGDW WKHVROLGERXQGDU\RIIORZSDVVDJH>@7KHLQYHVWLJDWLRQRQFDYLWDWLRQIORZLVDQ
HIIHFWLYHZD\WRUHYHDOWKHPHFKDQLVPRIFDYLWDWLRQHURVLRQ%DVHGRQWKHGLIIHUHQWFRQVLGHUDWLRQDQGK\SRWKHVLVWR
WKH SKDVH FKDQJH SURFHVV RI FDYLWDWLRQ VFKRODUV KDYH SXW IRUZDUG GLIIHUHQW FDYLWDWLRQ PRGHOV 6DWLR HW DO >@
SURSRVHGPDVVWUDQVIHUPRGHOEDVHGRQWKHWKHRU\RIHYDSRUDWLRQDQGFRQGHQVDWLRQWRGHVFULEHWKHFDYLWDWLRQ$QG
WKHHIIHFWLYHQHVVRIPRGHO LVYHULILHGE\FRPSDULQJZLWKWKHH[SHULPHQWGDWDVWXGLHGE\5RXVHDQG0F1RZQ>@
&KHQDQG/LXHWDO>@IXUWKHULPSURYHGWKHFDYLWDWLRQPRGHOVXJJHVWHGE\6DWLR7KHUDGLXVRIEXEEOHLVGHFLGHGE\
WKHHTXLOLEULXPUHODWLRQEHWZHHQWKHDHURG\QDPLFGUDJDQGWKHVXUIDFHWHQVLRQDQGWKHLQIOXHQFHRIWXUEXOHQFHRQ
WKHPDVVWUDQVIHUVRXUFHWHUPVLVFRQVLGHUHG7KHPRGLILHGPRGHOZDVXVHGWRQXPHULFDOVLPXODWLQJWKHFDYLWDWLRQ
IORZRI1$&$K\GURIRLODQGWKHFDYLWDWLRQDUHDDQGSUHVVXUHFRHIILFLHQWDUHFRQVLVWHQWZLWKWKHH[SHULPHQW
6FKQHUU DQG6DXHU >@ VXJJHVWHG WKH FDYLWDWLRQPRGHOV WKDW EDVHG RQ WKH5D\OHLJK3OHVVHW HTXDWLRQ 7KH YDSRU
YROXPHIUDFWLRQLVGHILQHGE\UDWLREHWZHHQWKHYROXPHRIYDSRUDQGOLTXLGLQFRQWUROYROXPHWKHJURZWKDQGWKH
FROODSVH RI EXEEOHV DUH FRQVLGHUHG=ZDUW HW DO >@ VXJJHVWHG WKH FDYLWDWLRQPRGHOV WKDW EDVHGRQ WKH VLPSOLILHG
5D\OHLJK3OHVVHWHTXDWLRQ7KHPRGHODVVXPHGWKDWWKHEXEEOHVLQWKHIOXLGKDYHWKHVDPHVL]HDQGWKHGHQVLW\RI
JDVQXFOHDUKDVEHHQXVHGWRFDOFXODWHWKHWRWDOLQWHUSKDVHPDVVWUDQVIHUUDWHRIXQLWYROXPH7KHFRUUHFWQHVVRIWKH
PRGHOVKDVEHHQYHULILHGE\WKHFDYLWDWLRQIORZLQWKHK\GURIRLODQGYHQWXULWXEH
,QWKLVSDSHUWKHQXPHULFDOFDOFXODWLRQPRGHORIWKUHHGLPHQVLRQDOFDYLWDWLQJIORZLQWKHSUHVVXUHUHOLHIYDOYHLV
HVWDEOLVKHG6FKQHUU6DXHUFDYLWDWLRQPRGHOLVVHOHFWHGDVWKHPRVWVXLWDEOHPRGHOWRVLPXODWHWKHLQWHUQDOIORZ7KH
FKDUDFWHULVWLFVRIFDYLWDWLRQIORZILOHGXQGHUGLIIHUHQWRSHQLQJDQGGLIIHUHQWSUHVVXUHRILQOHWDQGRXWOHWLVREWDLQHG
DQGWKHYDULDWLRQRIFDYLWDWLRQSKHQRPHQRQZLWKGLIIHUHQWFRQGLWLRQVLVDQDO\]HG
1XPHULFDODSSURDFK
2.1. Continuous phase model 
7KH JRYHUQLQJ HTXDWLRQV IRU WKH FDYLWDWLRQ PRGHO XVHG LQ WKLV SDSHU DUH EDVHG RQ D VLQJOHIOXLG DSSURDFK
UHJDUGLQJWKHPL[WXUHDVRQHIOXLG7KHFRQWLQXLW\DQGPRPHQWXPHTXDWLRQVDUHVKRZQDV(TXDWLRQDQG(TXDWLRQ
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2.2. cavitation model 
7KH FDYLWDWLRQPRGHO HPSOR\HG KHUH LV GHYHORSHG E\ 6FKQHUU	 6DXHU >@ 7KH OLTXLGYDSRUPDVV WUDQVIHU LV
JRYHUQHGE\WKHYDSRUWUDQVSRUWHTXDWLRQ
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ZKHUH WKHPDVV WUDQVIHU VRXUFH WHUPV5H DQG5F DUH FRQQHFWHG WR WKH JURZWK DQG FROODSVH RI WKH YDSRU EXEEOHV
UHVSHFWLYHO\
7KHVRXUFHWHUPVDUHGHULYHGIURPWKH5D\OHLJK3OHVVHWHTXDWLRQDQGDUHGHILQHGDVIROORZV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2.3. Geometry model and Boundary conditions 
7KHSUHVVXUHUHOLHIYDOYHLQWKLVSDSHULVDQDQJHOW\SHYDOYH7KHIORZFKDQQHOVWUXFWXUHDQGFRRUGLQDWHV\VWHP
DUHVKRZQLQ)LJD7KHRULJLQRIFRRUGLQDWHLVRQWKHYHUWH[RIWKHYDOYHGLVFZLWKWKHYDOYHRSHQLQJRI7KH
IORZHQWHUV LQWR WKHSUHVVXUHUHOLHIYDOYHKRUL]RQWDOO\ WKURXJK WKH LQOHWDQG WKHQGHFRPSUHVVHGE\ WKURWWOHVXUIDFH
ZKLFK LV IRUPHGRIYDOYHGLVF DQGEXVKLQJ DW ODVW IORZV LQWR WKHGRZQVWUHDPRI WKHYDOYH7KHJUDYLW\ LV RQ±\
GLUHFWLRQ$VVKRZQ LQ)LJE WKHYDOYH LVD[LV\PPHWULFVWUXFWXUH7KHKHDGRIYDOYHGLVF LV VSKHULFDODQG WKH
DGMDFHQWSDUWLVHOOLSVHDUFVXUIDFH
7KH SUHVVXUH ERXQGDU\ LV FKRVHQ DV WKH LQOHW DQG RXWOHW FRQGLWLRQ 7KH LQOHW SUHVVXUH LV 03D DQG RXWOHW
SUHVVXUHLV03D1RVOLSZDOOERXQGDU\FRQGLWLRQLVVHWIRUZDOODQGVWHPRIYDOYH7KHYDULDWLRQRIWHPSHUDWXUH
LV OHVV WKDQDVWKHLQOHWWHPSHUDWXUHLV ć DQGRXWOHW WHPSHUDWXUHLVć WKXVZHFDQFRQVLGHU WKDW WKH
WHPSHUDWXUHLVFRQVWDQW7KHSK\VLFDOSURSHUW\SDUDPHWHURIWKHYDOYHLVVKRZQLQ7DEOHWKHHIIHFWVRIWHPSHUDWXUH
YDULDWLRQDQGVROLGSDUWLFOHVDUHLJQRUHGLQWKHFDOFXODWLRQ

 
)LJ*HRPHWU\PRGHORISUHVVXUHUHOLHIYDOYHDIORZFKDQQHOVWUXFWXUHEYDOYHGLVFVWUXFWXUH

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7DEOH2SHUDWLQJIOXLGSURSHUW\RIWKHSUHVVXUHUHOLHIYDOYH
 9DSRU /LTXLG
6DWXUDWHGYDSRUSUHVVXUH03D  
'HQVLW\NJÂP  
'\QDPLFYLVFRVLW\NJÂPÂV î î
2.4. Discrete method 
7KHQXPHULFDOFDOFXODWLRQRIFDYLWDWLRQIORZLQWKHSUHVVXUHUHOLHIYDOYHLVFRQGXFWHGE\XVLQJWKH)OXHQWVRIWZDUH
7KH FDOFXODWLRQ LV EDVHG RQ0L[WXUHPRGHO WKH FDYLWDWLRQ SKDVH FKDQJH LV VROYHGZLWK 6FKQHUU6DXHU FDYLWDWLRQ
PRGHOZKLFKLVGHULYHGE\FDYLWDWLRQG\QDPLFVHTXDWLRQ7KH51*NİWXUEXOHQWPRGHODQGVWDQGDUGZDOOIXQFWLRQ
DUH XVHG 7KH FRXSOHG SUHVVXUH DQG YHORFLW\ LV VROYHGZLWK WKH 3,62PHWKRG WKH 35(672 IRUPDW LV XVHG IRU
SUHVVXUH LQWHUSRODWLRQ 7KH PRPHQWXP HTXDWLRQ LV GLVFUHWL]HG E\ VHFRQGRUGHU XSZLQG PHWKRG DQG WKH YROXPH
IUDFWLRQLVGLVFUHWL]HGE\48,&.PHWKRG
1XPHULFDOPHWKRGVYDOLGDWLRQ
3.1. cavitation model validation 


E

)LJ6WUXFWXUHERXQGDU\FRQGLWLRQVDQGPHVKRIFRQYHUJHQWQR]]OHDJHRPHWU\PRGHOEVNHWFKRIJULGV
7KHDSSOLFDELOLW\RI WKHFDYLWDWLRQPRGHOXVHG LQ WKLVVWXG\ LVYDOLGDWHGE\FRPSDULQJVLPXODWLRQRI IORZILHOG
ZLWKH[SHULPHQWGDWDRI5RRVHQHWDO>@7KHH[SHULPHQWLVFRQGXFWHGZLWKDWZRGLPHQVLRQDOFRQYHUJHQWQR]]OH
ZKRVH JHRPHWU\ RI IORZ ILHOG LV VLPLODU WR WKH FRQYHUJHQW VWUXFWXUH RI WKH SUHVVXUH UHOLHI YDOYH 7KH 3,9
PHDVXUHPHQWWHFKQRORJ\LVXVHGWRREWDLQWKHGLVWULEXWLRQRIYDSRUDQGOLTXLGSKDVH7KHJHRPHWU\PRGHOERXQGDU\
FRQGLWLRQV DQGPHVK DUH VKRZQ LQ )LJ D DQG E 7KH WHVW VHFWLRQ LV D VTXDUH FKDQQHOZLWK VL]H RI hh
PP7KH QXPHULFDO DSSURDFKHV GHVFULEHG DERYH DQG WKH VDPH FRQGLWLRQV DV WKH H[SHULPHQWDO FRQGLWLRQV DUH
XVHG IRU VLPXODWLRQV:KHQ WKH LQOHW SUHVVXUH 3LQ 03D RXWOHW SUHVVXUH 3RXW  03D WKHZDWHU LV DW QRUPDO
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WHPSHUDWXUH WKH QXPHULFDO UHVXOWV RI YDSRU YROXPH IUDFWLRQ DQG H[SHULPHQW GDWD DUH VKRZQ LQ)LJ D DQG E
UHVSHFWLYHO\7KHFDOFXODWHGFDYLWDWLRQOHQJWKLVDSSUR[LPDWHPPZKLFKDJUHHVZHOOZLWKH[SHULPHQWUHVXOWV,W
LV SURYHG WKDW WKH QXPHULFDOPHWKRG FDQ DFFXUDWHO\ VLPXODWH FDYLWDWLRQSKHQRPHQRQ LQ FRQYHUJHQW FKDQQHO WKXV
YDOLGDWHWKHFDYLWDWLRQPRGHOLQWKLVVWXG\IRUFDYLWDWLRQIORZVLPXODWLRQ

D



)LJ&RPSDULVRQRIYDSRUYROXPHIUDFWLRQDH[SHULPHQWGDWDEQXPHULFDOVLPXODWLRQ3LQ 03D3RXW 03D
3.2. Grid independent verification 
7KHJULGTXDQWLWLHVZLWKWKHYDOYHRSHQLQJRILVPLOOLRQDHQFU\SWLRQRIPHVKLVDSSOLHGLQWKHUHJLRQRI
YDOYH GLVF DQG ZDOO WR EHWWHU VLPXODWH WKH FDYLWDWLRQ IORZ DV VKRZQ LQ )LJ  &RPSDULQJ ZLWK WZR RWKHU JULG
TXDQWLWLHVRIPLOOLRQDQGPLOOLRQUHVXOWVVKRZWKDWWKHPD[LPXPHUURURIYHORFLW\QHDUWKHYDOYHGLVFLV
,WLVFRQVLGHUHGWKDWJULGLQGHSHQGHQFHLVYHULILHGDQGWKHJULGTXDQWLWLHVDWWKHUDQJHRIPLOOLRQWRPLOOLRQDUH
VHOHFWHGIRUWKHFDOFXODWLRQRIGLIIHUHQWRSHQLQJ


)LJ/RFDOYLHZQHDUWKHYDOYHGLVF
E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5HVXOWDQGGLVFXVVLRQ
7KH IORZ ILHOG LQ WKHSUHVVXUH UHOLHIYDOYHFKDQJHVDV WKHYDULDWLRQRIRSHQLQJ WKHQRUPDORSHQLQJGXULQJ WKH
LQLWLDOVWDJHRISUDFWLFDORSHUDWLRQLVEHWZHHQa7KXVWKHIORZFRQGLWLRQVDUHFRPSDUHGIRURSHQLQJǃ
DQGLQWKHIROORZVWXG\
4.1. Pressure comparison of different opening 
)LJXUH VKRZV WKHFRQWRXUVRIPL[WXUHSUHVVXUHRQ] SODQ IRUP IURQWYLHZIRUGLIIHUHQWRSHQLQJ7KH LQOHW
SUHVVXUHLV03DDQGLWGHFUHDVHVVKDUSO\DWWKHWKURWWOHDUHD7KHFDYLWDWLRQSKDVHFKDQJHRFFXUUHGLQWKHUHJLRQ
RIGRZQVWUHDPEXVKLQJDQGWKHKHDGRIYDOYHGLVFZKLOHWKHSUHVVXUHLVEHORZWKHVDWXUDWHGSUHVVXUH$VVKRZQLQ
)LJDWKHUHLVDKLJKSUHVVXUHUHJLRQZKHUHWKHPD[LPXPSUHVVXUHLVXSWR03DLQWKHGRZQVWUHDPDUHD7KH
SUHVVXUHQHDUWKHVXUIDFHRIYDOYHGLVFLVXSWR03DZKLFKLVKLJKHUWKDQWKHVDWXUDWHGSUHVVXUH7KXVWKHUHLVD
SUHVVXUHJUDGLHQWWRZDUGVWKHKHDGRIYDOYHDQGWKHQIRUPDIORZWRYDOYH:LWKWKHLQFUHDVHRIRSHQLQJWKHDUHDDW
WKHEXVKLQJDQG WKHKHDGRIYDOYHJUDGXDOO\GHFUHDVHZKHUH WKHSUHVVXUH LV ORZHU WKDQ WKHVDWXUDWHGSUHVVXUH WKDW
OHDGWR WKHUHGXFWLRQRIFDYLWDWLRQSKDVHFKDQJHDQGWKHSUHVVXUHJUDGXDOO\LQFUHDVHVQHDU WKHKHDGRIYDOYHGLVF
)LQDOO\WKHSUHVVXUHJUDGLHQWUHJLRQLVQRWREYLRXV

 

)LJ&RQWRXUVRIPL[WXUHSUHVVXUHDRSHQLQJERSHQLQJFRSHQLQJ
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4.2. Phase fraction comparison of different opening 
)LJXUH  VKRZV WKH FRQWRXUV RI OLTXLG YROXPH IUDFWLRQ DQG WKH VWUHDPOLQH RI PL[WXUH VHH )LJ D XQGHU
GLIIHUHQWRSHQLQJ7KHSUHVVXUHGHFUHDVHVDV WKHVSHHG LQFUHDVHVZKHQ WKH OLTXLGIORZWKURXJKWKH WKURWWOH UHJLRQ
DQGFDYLWDWLRQSKHQRPHQRQ LV HDV\ WRRFFXU$V VKRZQ LQ)LJD WKH VHYHUHFDYLWDWLRQH[LVWV LQ WKH VHFWLRQRI
EXVKLQJDQGVXUIDFHRIYDOYHGLVF7KHUHLVREYLRXVO\UHIOX[QHDU WKHGRZQVWUHDPRIYDOYHGLVFSDUWRIFDYLWDWLRQ
EXEEOHVJHQHUDWHDQGFROODSVHDORQJWKHIORZRQWKHVXUIDFHRIYDOYHGLVFRWKHUVDUHGURYHGE\UHIOX[WRWKHVXUIDFH
RIWKHKHDGRIYDOYHGLVF'XHWRWKHSUHVVXUHRQWKHVXUIDFHRIYDOYHGLVFZKLFKLVKLJKHUWKDQWKHVDWXUDWHGSUHVVXUH
VHH)LJDDQGLQVWDELOLW\RIEXEEOHVFDXVHGE\IORZEXEEOHVFROODSVHDQGFDXVHFDYLWDWLRQHURVLRQGDPDJHWR
WKHVXUIDFHRIYDOYHGLVF7KHFDYLWDWLRQDUHDLQWKHIORZILOHGJUDGXDOO\GHFUHDVHVZLWKWKHLQFUHDVHRIWKHRSHQLQJ
DQGHYHQWXDOO\WKHFDYLWDWLRQDWWKHKHDGRIYDOYHGLVFLVQRWREYLRXVVHH)LJF7KHYDULDWLRQRIEDFNIORZLQ
IURQWRIYDOYHGLVFLVGHWDLOHGGLVFXVVHGDVIROORZ

 

)LJ&RQWRXUVRIOLTXLGYROXPHIUDFWLRQDRSHQLQJERSHQLQJFRSHQLQJ
4.3. Backflow velocity comparison of different opening 
7KHEDFNIORZLQIURQWRIWKHGLVFLVWKHVLJQLILFDQWIDFWRUWKDWLQIOXHQFLQJWKHFDYLWDWLRQHURVLRQDQGZHDUZKLFK
DUHFDXVHGE\EXEEOHVDQGVROLGSDUWLFOH LPSDFW7KH[GLUHFWLRQYHORFLW\FRPSRQHQWRQ WKHFHQWUHOLQH LQ IURQWRI
GLVFLVXVHGWRDQDO\]HWKHUHJLRQDQGYHORFLW\RIEDFNIORZ)LJVKRZVWKH[GLUHFWLRQYHORFLW\FRPSRQHQWZLWK
GLIIHUHQWRSHQLQJ,QRUGHUWRJHWGLVWLQFWFRPSDULVRQWKHFRRUGLQDWHV\VWHPLVPRYHGDORQJ[D[LVWRWKHYHUWH[RI
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GLVF WR DQDO\]H WKH UHJLRQ DQG YHORFLW\ RI EDFNIORZ WKDW UHODWLYH WR YDOYH GLVF 7KH SRVLWLYH YDOXH RI YHORFLW\
UHSUHVHQWV WKDW WKH GLUHFWLRQ WRZDUGV WKHZDOO RI GLVF WKH QHJDWLYHYDOXH RISRVLWLRQPHDQV WKH GLUHFWLRQRI IORZ
GHSDUWIURPWKHGLVF$VVKRZQLQ)LJWKHPD[LPXPEDFNIORZYHORFLWLHVDUHDERXWPVǃPVDQGPV
UHVSHFWLYHO\XQGHUWKUHHGLIIHUHQWRSHQLQJ7KHRULJLQRIEDFNIORZJUDGXDOO\PRYHVWRWKHGLVFZLWKWKHLQFUHDVHRI
RSHQLQJWKHUHJLRQDQGYHORFLW\RIEDFNIORZDUHERWKGHFUHDVHG

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)LJ;GLUHFWLRQYHORFLW\FRPSRQHQWRQWKHFHQWHUOLQH
4.4. Influence of inlet pressure decrease 
7KHDFWXDORSHUDWLQJRSHQLQJRILVVHOHFWHGWRLQYHVWLJDWHWKHYDULDWLRQRISKDVHIUDFWLRQXQGHUGLIIHUHQWLQOHW
DQGRXWOHWSUHVVXUH
)LJXUH  VKRZV FRQWRXUV RI OLTXLG YROXPH IUDFWLRQ ZKLOH UHGXFLQJ WKH LQOHW SUHVVXUH WR 03D DQG 03D
UHVSHFWLYHO\DWDFRQVWDQWRXWOHWSUHVVXUHRI03D7KHFDYLW\DWWKHEXVKLQJLVJUDGXDOO\VKRUWHQHGDQGWKHUDQJH
RIFDYLWDWLRQLVVLJQLILFDQWO\GHFUHDVHGZLWKWKHGHFUHDVHRILQOHWSUHVVXUH7KHFDYLWDWLRQQHDUWKHVXUIDFHRIYDOYH
GLVFLVDOVRHDVHGFRPSDUHGZLWK)LJD$OWKRXJKWKHFDYLWDWLRQVWLOOH[LVWVDWWKHGLVFWKHFROODSVHRIEXEEOHVLV
UHGXFHGGXHWRWKHGHFUHDVHRIH[WHUQDOSUHVVXUH

 
)LJ&RQWRXUVRIOLTXLGYROXPHIUDFWLRQD03DE03D
133 G.F. Ou et al. /  Procedia Engineering  130 ( 2015 )  125 – 134 
4.5. Influence of outlet pressure increase 
0DLQWDLQ WKH LQOHWSUHVVXUHRI03DDQG LQFUHDVH WKHRXWOHWSUHVVXUH IURPRSHUDWLQJSUHVVXUH WR03DDQG
03D UHVSHFWLYHO\ DQG WKHQ DQDO\]H WKH LQWHUQDO IORZRISUHVVXUH UHOLHI YDOYH)LJ  VKRZV FRQWRXUVRI OLTXLG
YROXPHIUDFWLRQ$VWKHRXWOHWSUHVVXUHLQFUHDVHGWKHGHJUHHRIFDYLWDWLRQLVUHGXFHGJUHDWO\ZKLOHFRPSDULQJZLWK
WKH)LJD
%DVHG RQ WKH QXPHULFDO SUHGLFWLRQ RI FDYLWDWLRQ IORZ LQ SUHVVXUH UHOLHI YDOYH LW LV IRXQG WKDW FDYLWDWLRQ
SKHQRPHQRQZRXOGEHJUDGXDOO\UHGXFHGLQGLIIHUHQWGHJUHHVZLWKXQLODWHUDOLQFUHDVHRIRXWOHWSUHVVXUHRUXQLODWHUDO
UHGXFWLRQ RI LQOHW SUHVVXUH 7KXV FRQWUROOLQJ WKH GHJUHH RI SUHVVXUH UHGXFWLRQ DQG GHFUHDVLQJ WKH SUHVVXUH
GLIIHUHQWLDOFDQHIIHFWLYHUHGXFHWKHFDYLWDWLRQIORZDQGLQKLELWWKHFDYLWDWLRQHURVLRQ

 
)LJ&RQWRXUVRIOLTXLGYROXPHIUDFWLRQD03DE03D
&RQFOXVLRQV
,Q WKLV SDSHU WKH WKUHH GLPHQVLRQDO FDYLWDWLRQ IORZ ILHOG RI SUHVVXUH UHOLHI YDOYH LV FDOFXODWHG E\ WKH
HVWDEOLVKPHQWRIFDYLWDWLRQVROYLQJPRGHODQGDFWXDOSDUDPHWHUVRIPHGLXP$QGWKHFDYLWDWLRQIORZFKDUDFWHULVWLFLV
DQDO\]HG7KHUHVXOWVSURYH WKDW WKHUHH[LVWV VHYHUHFDYLWDWLRQDW WKH UHJLRQRIGRZQVWUHDPEXVKLQJDQG WKHYDOYH
GLVFWKHSUHVVXUHJUDGLHQWDQGEDFNIORZWRZDUGWKHKHDGRIGLVFDUHREWDLQHG&DYLWDWLRQEXEEOHVDUHWUDQVSRUWHGWR
WKHVXUIDFHRIYDOYHGLVFXQGHUWKHDFWLRQRIEDFNIORZDQGWKHQFROODSVHDQGFDXVHFDYLWDWLRQHURVLRQ7KHUHJLRQ
DQGYHORFLW\RIEDFNIORZDUHERWKGHFUHDVHGZLWK WKH LQFUHDVHRIRSHQLQJDQG WKHFDYLWDWLRQDW WKHKHDGRIYDOYH
GLVFLVDOOHYLDWHG7KHGHJUHHRIFDYLWDWLRQLQWKHYDOYHLVVLJQLILFDQWO\UHGXFHGZKLOHLQFUHDVLQJWKHRXWOHWSUHVVXUH
RUGHFUHDVLQJWKHLQOHWSUHVVXUH
$FNQRZOHGJHPHQWV
7KLV ZRUN ZDV VXSSRUWHG E\ 1DWXUDO 6FLHQFH )RXQGDWLRQ RI FKLQD DQG 6KHQ+XD *URXS &RUSRUDWLRQ /LPLWHG
8QLWHG3URJUDP1R86SHFLDOL]HG5HVHDUFK)XQGIRU WKH'RFWRUDO3URJUDPRI+LJKHU(GXFDWLRQ1R
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